Membranous nephropathy (MN) is an autoimmune disease usually associated with a nephrotic syndrome and it may progress to ESRD in the long term. Its etiology is often unknown (idiopathic MN), whereas other cases have a recognizable etiology (secondary MN). In idiopathic MN, the glomerular lesions are mainly caused by autoantibodies against a podocyte membrane protein, the M-type of phospholipase A2 receptor 1. The natural course of idiopathic MN is quite varied with spontaneous complete or partial remissions a relatively common occurrence. Patients with asymptomatic non-nephrotic proteinuria seldom progress and need only conservative management. Those with persistent full-blown nephrotic syndrome and those with declining renal function are candidates for specific treatment with any of several regimens. Cyclical therapy with alternating monthly intravenous and oral glucocorticoids combined with a cytotoxic agent can induce remission and preserve renal function in the long term. Cyclosporine or tacrolimus can induce remission, but relapses are frequent after the drug withdrawal. Mycophenolate mofetil monotherapy seems to be ineffective, but may be beneficial when administered together with steroids. The experience with adrenocorticotropic hormone, natural or synthetic, is limited to a few studies with short-term follow-up, but high rates of remission can be seen after prolonged treatment. A high rate of remission and good tolerance have also been reported with rituximab. Patients with moderate renal insufficiency may also benefit from treatment, but at a price of frequent and serious side effects. With these limitations in mind, idiopathic MN may be considered a treatable disease in many patients.
Introduction
Membranous nephropathy (MN) is a pathologic term that defines a specific glomerular lesion characterized by an apparent thickening of glomerular capillary walls by optical microscopy. This thickening is actually mostly due to the subepithelial deposition or in situ formation of immune complexes, as shown by electron and immunofluorescence microscopy. Clinically, MN is associated with proteinuria, often (in approximately 80% of cases) in a nephrotic range (.3.5 g/d). In approximately 75% of adults, the etiology of the lesion is unknown (idiopathic MN), whereas other cases have a well defined etiology (secondary MN). Idiopathic MN has a varied natural course, with some patients (approximately 20%-30%, depending on the severity of proteinuria) entering spontaneous remission, some patients showing a persistent proteinuria fluctuating between a nephrotic and a subnephrotic range, and other patients showing a slow progression to ESRD.
Although the pathogenesis of idiopathic MN remains incompletely defined, an important advance has been obtained by the seminal study of Beck et al., who showed that approximately 70% of patients with idiopathic MN have circulating autoantibodies directed against phospholipase A2 receptor 1 (PLA2R1) located on the surface of normal human podocytes (1) . A strong association with the HLA-DQA1 allele has been found in patients with idiopathic MN. This allele may facilitate an autoimmune response against antigenic targets such as variants of PLA2R1 (2) . However, these variants were seen only in 4 of 60 patients with PLA2R1-associated MN, suggesting that these rare variants are unlikely to explain the pathogenesis of the disease (3) . According to Salant (4) , the development of idiopathic MN may be the result of three conditions: (1) the presence of HLA-DQA1 alleles that confer susceptibility to autoimmunity, (2) polymorphism of PLA2R1 that creates a unique conformation that can represent a target for autoantibodies, and (3) production of hypogalactosylated IgG4 anti-PLA2R1 that activates the mannan pathway of the complement. It is also possible that innate immunity is involved. Moreover, endogenous or external (virus?) stimuli may increase the expression of PLA2R1 or shed some "cryptic" epitopes of PLA2R1. In summary, autoantibodies to PLA2R1, usually of the IgG4 subclass, would bind to conformational epitopes on specific domains of PLA2R1 expressed on the podocyte surface, form immune complexes in situ, and induce proteinuria, likely via local activation of the mannanbinding pathway of complement activation ( Figure  1 ). Antibodies against other intracytoplasmic podocyterelated antigens have also been demonstrated in patients with idiopathic MN, although their pathogenetic role is still undefined (5) .
The clinical approach to patients with MN entails responding to a series of questions, which are as follows.
Is the MN Lesion Idiopathic or Secondary?
After a lesion of MN is discovered, it is necessary to know whether it is idiopathic or secondary. The most common causes of secondary MN are hepatitis B virus (HBV), drugs (more often nonsteroidal anti-inflammatory agents), SLE, and cancer. However, a large number of other infections and diseases may also be associated with MN (6) . An accurate clinical history and a serologic inquiry using specific biomarkers (hepatitis B surface antigen, hepatitis C antibody, anti-DNA antibody, hypocomplementemia) can often uncover an underlying cause for MN; however, in the modern era, the detection of circulating antibodies against PLA2R1, using any one of a number of available assays, can also greatly aid in determining whether MN is idiopathic or secondary (7) . These antibodies can be seen in 70%-80% of patients with idiopathic MN, whereas they are seldom detectable in secondary MN (7, 8) . Glomerular morphologic changes are also important. Extensive mesangial or subendothelial electron dense deposits are not seen in idiopathic MN. With the exception of few cases of MN secondary to IgG4-related disease (9), dominance of deposits of IgG4 on immunofluorescence microscopy generally favors idiopathic MN, whereas deposits of IgG1, IgG2, or IgG3 are more frequent in secondary MN (10) . Coexpression of PLA2R1 antigen in glomeruli is also commonly seen in idiopathic but not secondary MN (3, 8) . Strong capillary wall deposits of C1q, C3, IgG, IgM, and IgA can also be seen in cases of MN associated with lupus (11), whereas leukocyte infiltration may occur in cases of cancer (12) . Extensive C1q deposition is rarely seen in idiopathic MN (11) .
The association of MN with cancer is frequent, although not always clear cut. A French review showed that 24 of 240 (10%) patients with MN had a malignancy at the time of renal biopsy or within a year thereafter. The frequency of malignancy in MN increased with age up to 20%-25% after age 60 years (12) . The solid organ cancers are particularly frequent, mainly in the lung, colon, breast, prostate, or In genetically predisposed patients, a polymorphism of PLA2R1 may create a unique conformational variant. Alternatively endogenous or exogenous injuries (viral attack?) may cause structural alterations of PLA2R1 or lead to podocyte injury with exposure of some "hidden" epitopes of PLA2R1. It is possible that these abnormal molecular patterns are recognized as danger signals by the receptors of innate immunity with consequent recruitment of inflammatory cells. In this inflammatory microenvironment, the dendritic cells would become mature, intercept the epitopes of PLA2R1 expressed on the glomerular podocyte surface, and migrate to lymph nodes where they present the antigen to the cells of the adaptive immunity. The B cells would differentiate into plasma cells that secrete specific hypogalactosylated IgG4. These antibodies attack the epitopes of PLA2R1 on podocyte surface, with formation of subepithelial immune complexes and consequent production of ROS, and inflammation. The hypogalactosylated IgG4 activates the complement system through the lectin pathway which initiates the complement cascade, with the final production of the cytolytic C5b-C9 complex, also called the membrane attack complex. As a consequence, there is an increased damage of podocytes, alteration of the actin cytoskeleton, loss of the glomerular barrier permselectivity, and proteinuria. MN, membranous nephropathy; PLA2R1, phospholipase A2 receptor 1; ROS, reactive oxygen species.
uterus. An evaluation for underlying cancer is recommended for patients with MN, particularly for older individuals ( Table 1) .
Treatment of secondary MN depends on the etiology. Children with MN secondary to HBV infection do not require specific treatment because they often undergo spontaneous remission of renal disease within 1 year from clinical onset (13) . Alternatively, such spontaneous remissions are exceptional in adults (14) . Complete remission of proteinuria has been obtained in some cases of HBV-associated MN with nucleotide or nucleoside analogs either given alone or in association with immunosuppressive therapy (15) . Most cases of MN secondary to drugs resolve after discontinuation of the offending drug (16) . Glucocorticoids and immunosuppressive agents are effective in reducing proteinuria in lupus MN. Eradication of cancer may be followed by complete remission of proteinuria in some patients (17) .
When Should a Specific Treatment for Idiopathic MN Be Started?
In view of the potential toxicity of the available treatments, the propensity for spontaneous remissions, and the slow progression of the disorder, some clinicians believe that MN should not routinely be treated with glucocorticoids and immunosuppressive drugs (18) . The value of adding angiotensin II blockade to a conservative regimen, with the intent of fostering a "spontaneous" remission, is not firmly proven, and little benefit of such treatment is observed in patients presenting with proteinuria .10 g/d (19) , but it may augment spontaneous remissions when lower levels of proteinuria are present (20) . Conservative management is justified for patients with persistent subnephrotic proteinuria. However, these patients should be monitored because approximately 60% of them may progress to nephrotic syndrome (20) . Patients with proteinuria persistently (.6 months) .4 g/d have an approximately 55% probability of developing ESRD within 10 years, and those with persisting proteinuria .8 g/d and/or abnormal levels of serum creatinine have an approximately 66%-80% probability of developing ESRD within 10 years (21) . The decision of whether and when to start a "specific" therapeutic regimen in a patient with idiopathic MN needs to take into account the likelihood of a spontaneous remission as well as the potential adverse consequences of a prolonged exposure to the nephrotic state, including disabling edema, proatherogenic hyperlipidemia and coronary heart disease, the prothrombotic milieu, malnutrition, and enhanced risk of infection. Thus, a wait-and-see attitude might be justified in patients with proteinuria ,4 g/d, in those with a steadily diminishing magnitude of proteinuria over time, and in asymptomatic patients with normal renal function. On the other hand, initiation of specific treatment is indicated for patients with declining renal function, disabling symptoms, or full-blown nephrotic syndrome persisting for $6 months.
Aggressive immunosuppressive treatment of patients with advanced interstitial fibrosis and tubular atrophy at biopsy and serum creatinine levels .3.5-4.0 mg/dl have a very low prospect of halting or reversing the progression of MN, whereas the risk of severe side effects becomes disproportionately elevated.
What Is the Role for Serologic Markers in Treatment Decisions in Idiopathic MN?
The demonstration of circulating anti-PLA2R1 autoantibodies in idiopathic MN not only helped to elucidate pathogenesis but may also have direct clinical relevance to therapeutic decision making. The sensitivity of anti-PLA2R1 autoantibodies for idiopathic MN is approximately 70%-80% and the specificity is close to 90%-95% (22) . Thus, the detection of anti-PLA2R1 autoantibodies can be useful to recognize the presence of MN in patients with nephrotic syndrome and help to diagnosis idiopathic MN in those with a renal biopsy-identified lesion of MN. Furthermore, the levels of circulating anti-PLA2R1 autoantibodies strongly correlate with clinical disease activity (23) , and their disappearance often heralds a subsequent decline in proteinuria (24) . However, approved tests for PLA2R1 are not commercially available at present in the United States.
What Treatment Regimens Are Effective and Safe for Patients with Idiopathic MN?
Induction of remission, restoration, or preservation of renal function and avoidance of serious side effects are the principal aims of treatment in idiopathic MN. Remission of proteinuria not only may improve the quality of life but is also a good predictor of the long-term outcome. A retrospective analysis of the Toronto Glomerulonephritis Registry showed that patients who entered a complete remission (proteinuria #0.3 g/d with normal serum creatinine) only exceptionally developed ESRD in the long term. Partial remission (proteinuria ,3.5 g/d and a $50% reduction from peak values with improvement of serum albumin) was also associated with a favorable outcome, showing an actuarial renal survival of approximately 70% at 15 years (25) . Specific therapeutic attempts in idiopathic MN have in the past been largely based on glucocorticoids or cytotoxic agents. However, several randomized trials were unable to demonstrate any efficacy of glucocorticoids alone in idiopathic MN, despite early encouraging reports (26) (27) (28) , whereas cytotoxic agents were often used in extended duration protocols thus exposing patients to an increased risk of disquieting side effects. In 1984, an Italian multicenter open label, randomized controlled trial showed that a treatment based on alternating every month steroids and an alkylating agent obtained significantly more remissions and a better slope of the reciprocal of serum creatinine compared with patients treated with symptomatic therapy alone (29) . These findings were later confirmed by other randomized trials (30) (31) (32) and by long-term extension of follow-up (33, 34) .
The 2012 Kidney Disease Improving Global Outcomes guidelines (35) recommended that, in patients qualifying for specific treatment, the initial preferred regimen consists of a 6-month course of alternating monthly cycles of oral and intravenous corticosteroids and an oral alkylating agent (cyclophosphamide is better tolerated than chlorambucil). Such a treatment requires monitoring of leukocyte counts every 7-10 days during alkylating agent administration to help modulate the dosage to avoid serious leucopenia. This regimen may be contraindicated in a number of patients affected by comorbidities such as diabetes or prior malignancy. Concerns over the possible cosmetic (alopecia), gonadotoxic, and oncogenic effects and enhanced infection risk associated with use of alkylating agents can lead to patient refusal of this therapy, despite the documented relatively low risk of adverse events, at least in patients with well preserved renal function.
Further options are available ( Table 2) . Calcineurin inhibitors (cyclosporine or tacrolimus) are frequently prescribed in idiopathic MN, often as a first or second choice (36) . A systematic review showed that cyclosporine could obtain a reduction of proteinuria in 70%-80% of patients with idiopathic MN. The maximum benefit may occur after 3 months or even later. However, most responders (.80%) have a relapse of nephrotic proteinuria after the drug is withdrawn. Therefore, long-term treatment is required. A randomized controlled trial showed that 1-year treatment with low-dose tacrolimus (0.05 mg/kg per day) could obtain remission, usually a partial remission, in 72% of patients. However, almost 50% of responders had a relapse of nephrotic-range proteinuria within 6 months after withdrawal of tacrolimus (37) . The major concern with calcineurin inhibitors remains their propensity to induce nephrotoxicity over the long term. However, with careful monitoring of serum creatinine and BP, using the lowest possible dosage for maintenance, and performing repeat renal biopsy in those receiving longterm therapy, this risk can be minimized in patients with initially normal renal function. Whether cyclosporine or tacrolimus is the preferred agent cannot be determined from the available evidence, but tacrolimus can be effective as monotherapy, without concomitant steroids (37) .
Mycophenolate mofetil (MMF) has also been used. Negative results have been reported by a French trial (38) , in which 36 patients were randomized to receive MMF as monotherapy (2 g/d for 12 months) or symptomatic therapy. No difference in remission was seen between the two groups. Better results were reported by a retrospective study in which MMF was combined with oral prednisone or methylprednisolone pulses (39) . Two small randomized trials, both in Asian patients, reported remissions in approximately 70% of cases treated with MMF and steroids, a rate similar to that observed in patients assigned to a steroid and a cytotoxic drug regimen (40, 41) . The available data are insufficient to draw any firm conclusions about the use of MMF for induction of remission and the relapse rate is quite high (39) . Synthetic adrenocorticotropic hormone (ACTH; Synacthen), administered by intramuscular or subcutaneous injection at a dosage of 1 mg twice a week for 1 year, can significantly reduce proteinuria in patients with idiopathic MN (42) , as confirmed by a randomized clinical trial (43) . Similar results have been obtained with natural ACTH (Acthar gel) in a small observational study (44) . The mechanism of action of ACTH may be related to the stimulation of melanocortin receptors with inhibition of immune and inflammatory response or a direct action on podocyte stability (45) . ACTH can be a reasonable option for patients who have contraindications to or who do not respond to cyclical alkylating agent-steroid therapy or calcineurin inhibitors. It should be noted, however, that so far no randomized trial has been done with the exceedingly expensive ACTH gel.
Rituximab, a mAb to CD20 expressed on B cells, was first used in idiopathic MN by Remuzzi et al. (46) . Recently, these investigators reported their observational experience in 100 patients with MN treated with rituximab (47) . After a mean follow-up of 29 months, 27 patients were in complete remission and 38 were in partial remission (total response rate of 65%). The median time to response was 7 months. The results were the same if rituximab was used in treatment-naïve patients compared with patients previously treated with other regimens. These are impressive results and no serious side effects were encountered. However, four patients died, three developed cancer, and four progressed to ESRD (47) . Good results with rituximab have also been reported in another observational study conducted in North America. Of 20 patients treated with 4 weekly courses of rituximab repeated after 6 months, 2 did not respond, 4 entered complete remission, 12 entered partial remission, 1 had limited response, and 1 relapsed (total response rate of 80%) (48) . There is little doubt that rituximab is effective in reducing proteinuria in idiopathic MN, but the mechanisms responsible for this effect remain uncertain. In addition, choices regarding optimal doses (375 mg/m 2 34 or 1 g 32), the spacing and duration of re-treatment, the value of monitoring of circulating B cell (B191) number, and the long-term benefit to harm ratio of rituximab remain incompletely explored. It is also unclear whether patients with renal dysfunction and/or tubulointerstitial lesions will be resistant to such treatment. When using rituximab, a prophylaxis against Pneumocystis jiroveci[i] pneumonia is recommended. One should also consider the very high cost of rituximab and the lack of randomized trials supporting its efficacy.
What Specific Treatments Are Available for Patients with Idiopathic MN and Declining Renal Function?
In 1988, Mathieson et al. administered a 6-month course of alternating monthly cycles of prednisolone and chlorambucil to eight patients with idiopathic MN whose renal function was deteriorating. Proteinuria significantly reduced in all patients and creatinine clearance increased in six patients. Adverse effects of chlorambucil were severe, and the daily dose had to be reduced (49) . Since then, other reports suggested the possibility of halting or slowing the progression of MN by glucocorticoids, cyclophosphamide, or cyclosporine. However, most of the available papers were small, uncontrolled, and had short-term follow-up, and only few studies reported the results of renal biopsy.
The results of a randomized controlled trial that compared the effects of three different therapeutic approaches in adult patients with biopsy proven idiopathic MN and declining renal function were recently published (50) . Criteria for inclusion included an initial serum creatinine level ,300 mmol/L (3.4 mg/dl) and at least a 20% decline in creatinine clearance measured in the 2 years before study entry. The 108 enrolled patients were randomly assigned to receive supportive treatment only, supportive treatment plus 6 months of alternating cycles of prednisolone and chlorambucil, or supportive treatment plus 12 months of cyclosporine (without steroids). At 3 years, the risk of further 20% decline in creatinine clearance was significantly lower in the prednisolone and chlorambucil group than in the supportive care group and this risk did not differ between the cyclosporine and supportive treatment-only groups. Serious adverse events were frequent in all three groups but were higher in the prednisolone and chlorambucil group than in the supportive care-only group (50) . It is well known that cyclosporine may be contraindicated in nephrotic patients with serum creatinine .2.00 mg/dl (estimated creatinine clearance around 50 ml/min per 1.73 m 2 ), due to the possibility of nephrotoxicity. Moreover, lowdose steroids may improve the efficacy of cyclosporine (36) . However, the benefits of adjunctive steroid administration with cyclosporine in idiopathic MN have not been formally tested in a randomized clinical trial; therefore, any claim that such combined treatment is needed to maximize efficacy and/or safety is entirely anecdotal and not evidence based. Cyclosporine blood concentration should be checked periodically to avoid nephrotoxic levels and minimize adverse events. In chlorambucil-treated patients leukocyte counts should be checked every 7-10 days and the doses halved whenever they are ,5000/cmm (29) (30) (31) . Although patients treated with steroids and chlorambucil had better preservation of renal function, half had a further reduction of creatinine clearance of at least 20%, suggesting that waiting until renal function declines before starting treatment may slow but not halt the progression in patients with MN. If preservation of renal function is a goal, then the alkylating agent-steroid regimen (at reduced dosage intensity) may be preferred in those with impaired renal function.
When Should "Prophylactic" Anticoagulants Be Given to Patients with MN and Persisting Nephrotic Syndrome?
To date, no randomized controlled trials have been designed or executed to address this specific question (51). It is undoubtedly true that patients with MN are at risk for deep venous thrombosis (legs and renal veins) and venous thromboembolic events. The magnitude of this risk appears to be conditioned by the level of serum albumin (as a surrogate for the prothrombotic state). Levels ,2.8 g/ dl are associated with increased risk of venous thrombosis (52) . The coexistence of comorbid factors enhancing thrombotic risk (such as prolonged immobilization, obesity, genetic prothrombotic states, recent abdominal or orthopedic surgery, or a prior venous thrombosis) further increases this risk (52) . However, prophylactic anticoagulation (with lowdose heparinoids or oral warfarin) carries its own risks of bleeding and the decision to initiate prophylactic anticoagulation must rest on a careful analysis of the individual patient characteristics and of balancing the estimated benefits (avoidance of vascular thrombosis) versus the known risks (bleeding). Markov decision analysis trees are available to help with this decision making (53, 54) . If a vascular thrombosis has already occurred, therapeutic anticoagulation is required for the duration of the nephrotic state.
When Should Repeat Biopsies Be Performed in the Course of Treatment of Idiopathic MN?
The main indications to repeat renal biopsy are represented by sudden deterioration of renal function, resistance to treatment, and relapse of the nephrotic syndrome.
Uncommonly superimposed lesions, such as crescentic glomerulonephritis (due to anti-glomerular basement membrane or antineutrophil cytoplasmic autoantibody), late emergence of typical lupus nephritis, or a hypersensitivity interstitial nephritis (due to diuretics, nonsteroidal anti-inflammatory drugs, or allopurinol) require a new approach to treatment. Aside from such superimposed lesions, the extent of glomerular sclerosis may be an indicator of treatment unresponsiveness, but the magnitude of glomerular deposits and underlying basement membrane changes (stages of lesions) may not be very helpful even in patients with persisting nephrotic-range proteinuria. However, extensive thickening of basement membrane accompanied by electron lucent deposits rather than electron dense deposits with scanty IgG, C3, or C4 deposition implies advanced, immunologically inactive disease that will not likely respond to a persistence of treatment or a change in regimen. Such circumstances are often accompanied by negative anti-PLA2R1 autoantibody tests. The best pathologic prognostic marker is represented by severe and diffuse interstitial fibrosis and tubular atrophy. Such changes often signify a poor outcome and only rarely respond (and only partially) to therapy.
Idiopathic MN is an autoimmune disorder that may follow a variety of courses and have different final outcomes. Because spontaneous remissions may occur, waiting several months before starting a specific treatment regimen is reasonable in patients with stable renal function and oligosymptomatic disease, particularly if proteinuria is gradually diminishing. However, specific treatment should be started earlier in patients with massive proteinuria and full-blown symptomatic nephrotic syndrome or in patients with declining renal function. Although not all of the available treatments have been tested by rigorous controlled studies of adequate size and follow-up, some of them have been incorporated into current clinical practice algorithms. Importantly, resistance to one class of regimens does not reliably predict resistance to the effects of another class of regimens. Serology for anti-PLA2R1 antibody and repeat renal biopsy (with staining for PLA2R1 antigen deposition in glomeruli) may be useful tools to guide treatment and estimate its likely efficacy or futility. The possibility of choosing among different therapeutic options can allow the physician to tailor the treatment to the clinical characteristics of the patient.
